Background: Cytokines are significant in the development and progression of chronic periodontitis (ChP) and type 2 diabetes mellitus (DT2). Insufficient information is available regarding the pro-versus anti-inflammatory cytokines in ChP's influence on systemic levels of cytokines on DT2. This study investigated the levels of tumor necrosis factor-α (TNF-α), interleukin (IL)-4 and IL-6 in the serum of patients with ChP, DT2, and with both ChP and DT2, as compared to health. Materials and Methods: A total of eighty participants were grouped equally groups as healthy (NH), ChP with, and without DT2 (ChP and ChP + DT2) and only type 2 diabetes (DT2). Plaque and gingival indices, bleeding on probing, pocket probing depths, clinical attachment loss, were evaluated. Serum samples were collected to measure glycated hemoglobin, random blood sugar. TNF-α, IL-4 and -6 was assessed by ELISA. Results: The selected cytokines were detected in all the participants. TNF-α and IL-6 were highest in ChP + DT2 group, whereas IL-4 was highest in health. Significant differences and correlation were observed between the cytokines, periodontal, and glycemic parameters and among the four groups. Conclusion: TNF-α and IL-6 appear to heighten the inflammatory state in patients with both type 2 diabetes and periodontitis, but IL-4, though considered an anti-inflammatory mediator was not convincing in such a role in this study. The cytokine behavior needs to be studied further in larger studies.
INTRODUCTION

I
nteractions involving plaque/dental biofilm and the host inflammatory reactions results in chronic periodontitis (ChP), which are driven by cytokines that may be pro-or anti-inflammatory. [1] Cytokines are proteins with pleiotropic actions which regulate inflammatory responses and function in networks. [2] Cytokine actions are important in the development of type 2 diabetes mellitus (DT2) [3] which can accentuate insulin resistance, insulin deficiency, and diabetes. [3] [4] [5] The association of ChP and DT2 is known. [6] Periodontal disease can enhance insulin resistance and also chronic inflammation systemically, with sustained hyperglycemia. [7, 8] ChP and DT2 have similar pathogenesis and may influence each other by showing related cytokine behavior and together can be considered as an awry immune response. [9, 10] One of the widely investigated cytokines is tumor necrosis factor (TNF)-α, an important pro-inflammatory mediator associated with ChP and DT2. [11] [12] [13] [14] Interleukin (IL)-6 is a cytokine having arguably pleiotropic activities, which may be destructive or protective. [15, 16] Higher expression of periodontal IL-6 has been observed in individuals having both ChP and DT2 compared with patients with ChP alone or without both diseases. [17] IL-4 decreases the secretion of TNF-α, IL-6, and IL-1β, and thus may be anti-inflammatory. [18] [19] [20] IL-4 is implicated in the DT2 pathogenesis. [21] Hence, this study had the objective of investigating whether ChP intensifies systemic inflammation associated with DT2 by evaluating the serum levels of the cytokines, namely, TNF-α, IL-6, and IL-4 in healthy individuals, ChP patients (who have no systemic diseases/conditions), and in DT2 patients with/without ChP.
MATERIALS AND METHODS
The sample population recruited was healthy individuals and patients who visited the outpatient departments of this institution as well as the concerned medical hospital. This research proposal obtained the required ethical clearance from the ethical committee of this institution (Reference No: 2013/S/PERIO/15) complying with the World Medical Association's Declaration of Helsinki. A total of eighty gender-matched participants between 30 to 55 years were enrolled, after obtaining their written informed consent. In this study, ChP was diagnosed by assessing (apart from patient's history), the periodontal parameters which included pocket probing depth (PPD) of more than or equal to 5 mm, generalized bleeding on probing (BoP) and generalized clinical attachment loss (CAL) of more than or equal to 2 mm with alveolar bone loss visualized by radiographs. DT2 was previously diagnosed by the concerned physician/specialist based on the criteria of the American Diabetes Association. [22, 23] Patients with at least 1 year history of DT2 who were diagnosed with the condition having glycosylated hemoglobin (HbA1C) between 7.5% and 9.5%, with random/casual blood glucose/sugar (RBS) more than 200 mg/dl, having no history or current complications associated with diabetes were included. Such DT2 patients were on physician prescribed diabetes medication/treatment with no changes in therapy for at least a period of the previous 12 months. Only those individuals with body mass index of <30 and lipid profiles in acceptable range/values were involved. Individuals who smoked and/or chewed tobacco, or those who had periodontal treatment in the previous 90 days, or those with systemic disorders/diseases (with the exception of DT2 as per our inclusion criteria), bleeding disorders/tendencies due to any medical reason, pregnant or nursing mothers, patients who were immunosuppressed, individuals who required antibiotics as prophylactics before or during dental therapy, or those who were on any medication just before the study, were all excluded from this study. Recording of the dental/medical history and periodontal examination was performed on the participants by one examiner (ABA). The plaque index (PlI) [24] was recorded along with the gingival index (GI). [25] Measurements for BoP, pockets, and CAL were noted. Prescribed radiographs were used to assess the loss of supporting alveolar bone. HbA1C and RBS levels were estimated in the concerned hematology laboratory. The subjects who fulfilled the inclusion and exclusion criteria were grouped as: Systemically normal and periodontally healthy group (NH) (n = 20); ChP group (n = 20); ChP with type 2 diabetes group (ChP + DT2) (n = 20), and type 2 diabetes without ChP group (DT2) (n = 20). Serum was obtained from the samples of blood collected from the subjects. An HbA1C test kit (Axis-Shield, Oslo, Norway) was used to evaluate HbA1C levels. Kinetic method: Infinite STAT Glucose (Accurex Biomedicals Pvt. Ltd., New Delhi, India) was used to estimate RBS TNF-α, ILs-4, and -6 was measured using ELISA (Krishgen BioSystems, Mumbai, India).
Statistical analyses
The raw data for statistical analyses were tabulated and means and standard deviations calculated. To test the normality of the variables, Kolmogorov-Smirnov and Shapiro-Wilk tests were first done. The four groups were compared group-wise/pair-wise using nonparametric tests, i.e., Mann-Whitney U-test, Kruskall-Wallis, and Wilcoxon Sign Rank tests for those variables which were not following a normal distribution. Karl Pearson's test was employed for correlation analyses. A step-wise regression analysis was also performed. P < 0.05 was considered statistically significant. The Statistical Package for Social Sciences version 21 (SPSS Inc., Chicago, IL, USA) computed the analyses.
RESULTS
The four groups with a total of eighty age and gender-matched subjects expressed the cytokines of interest to this study. Serum TNF-α (lowest 3.29 pg/ml, highest 22.14 pg/ml), IL-6 (lowest 4.24 pg/ml, highest 35.21 pg/ml), and IL-4 (lowest 15.32 pg/ml, highest 119.12 pg/ml) was detected in all the participants and is presented as a graphical representation along with PlI, GI, BoP, PPD, CAL, HbA1C, and RBS [ Figures 1 and 2 ]. Mann-Whitney (U-test) and Wilcoxon Sign Rank (W) tests returned significant statistical differences as depicted in Table 1 . IL-4 did not differ when ChP was compared with ChP + DT2. TNF-α and IL-4 did not differ when ChP was compared with DT2. When all the groups were combined and analyzed, the cytokines correlated significantly with the periodontal clinical parameters and the glycemic variables. No statistically significant correlations were noted in each group, except for TNF-α with CAL in the ChP + DT2 group; HbA1C with IL-6, and also TNF-α with IL-4 in the DT2 group. Table 2 
DISCUSSION
ChP as a local infection can possibly disseminate into the systemic circulation thereby accentuating the inflammatory condition in disorders such as DT2. [26] Figure 1: Graphical representation of mean ± standard deviation of PlI, GI, BoP, PPD, CAL, HbA1C, RBS in the four groups. PlI -Plaque index; GI -Gingival index; BoP -Bleeding on probing; PPD -Probing pocket depth; CAL -Clinical attachment loss; HbA1C -Glycated hemoglobin; RBS -Random blood sugar DT2 patients in our study had moderately/poorly controlled hyperglycemia with the lipid profile in acceptable limits. Among the clinical and glycemic variables, we found significant differences in the GI, CAL, HbA1C, and RBS between ChP and ChP + DT2 patients and for all the clinical and glycemic variables between ChP and DT2 patients, and between ChP + DT2 and DT2 patients.
TNF-α and IL-6 were found to be elevated in the diseased groups which is in agreement with other reports. [27, 28] Another investigation [29] mentions no significant correlation between clinical periodontal variables and TNF-α which we could also confirm in our study, but CAL and TNF-α correlated positively in the ChP + DT2 group. TNF-α is related to ChP in DT2. [30] Our study revealed a contrary association between HbA1C and IL-6 in the DT2 group. Hence, IL-6 need not be higher in diabetes, probably because IL-6 is a pleuripotent cytokine having anti-inflammatory effects. It is traditionally accepted that IL-4 has anti-inflammatory functions, but may have multiple actions. [20] IL-4 did not differ significantly between ChP and DT2. Lower levels of IL-4 was observed in ChP + DT2 which is similar to another study, [32] although IL-4 and TNF-α in our investigation correlated positively with each other in DT2. Hence, a conclusive antiinflammatory role for IL-4 is not forthcoming. However, both TNF-α, IL-6 indicate a strong pro-inflammatory role in ChP and DT2. TNF-α is elevated in diabetics which has been observed in our data. [11, 33, 34] IL-6 is increased in ChP, [35] and enhances alveolar bone destruction. Conversely, IL-6 also induces IL-1 receptor antagonist, [31] protecting overt inflammatory responses, and influences vascular homeostasis. [36] Cytokines, therefore, have a complex functionality. A balance between cytokines which appear to promote inflammation (IL-6, TNF-α), and cytokines which seemingly control inflammation (IL-4), is necessary in disease development and progression, particularly in the context of ChP and DT2 manifesting together. [37, 38] The nature of cytokine responses is multifaceted, and it is not easy to ascribe specific and constant roles for each of the various cytokines which undoubtedly function in complex networks, especially when two diseases, such as a ChP and DT2 occur concurrently.
One limitation of this study is that the measured cytokine values may not be truly reflected because all the diabetes patients were diagnosed at least 1 year before being recruited for the current investigation. Hence, the HbA1C and RBS values selected by our study method were to try and understand the quantitative cytokine behavior in these predetermined conditions. Another limitation is that we did not attempt to delineate the individual patients with diabetes as well-controlled, or moderately, or poorly controlled hyperglycemia, which possibly would have required additional groups of specified participants for such a study. In addition, all the diabetes patients were being treated for the condition with drugs such as metformin, or insulin. These medications may exert an anti-inflammatory effect, although it is not conclusive according to the literature. [39] [40] [41] This again, adds another issue, i.e., changing or ceasing the medications, to observe the nature of the cytokines and their interactions, which would be unacceptable due to ethical reasons. Therefore, the evaluation was performed with the stated inclusion and exclusion criteria. Moreover, a question might arise as to why other cytokines were not assessed. Considering the large number of cytokines, it was not feasible to evaluate more.
CONCLUSION
This study indicates that the inflammatory status in DT2 is enhanced by ChP due to higher expression of TNF-α and IL-6 indicating accentuated inflammation, but there are variations in the functions of IL-4. Larger studies are required to understand the destructive and protective behavior and interactions of such biological mediators in periodontal diseases and diabetes.
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